The properties 
expected to generate a protein null allele, as sequence for either Nuk mutation were observed at the expected frequency in the progeny of heterozygous intercrosses analysis indicated that any aberrant splicing around the neo r cassette would result in a mutant transcript conand were identified by either Southern blot analysis or Nuk-specific polymerase chain reactions ( Figures 1C-taining To investigate whether the Nuk lacZ mutation led to the therefore exposed on the cell surface. In contrast, no biotinylated protein was precipitated with the anti-Nuk production of the expected 200 kDa membrane-bound (see below) demonstrate that the Nuk-␤gal fusion receptor is expressed in the same cell types and subcellular tracellular protein GAP did not become biotinylated, indicating that the labeling was indeed specific for prolocalizations previously described for the endogenous Nuk ϩ protein (Henkemeyer et al., 1994) . teins expressed on the surface of the plasma membrane. Thus, the Nuk lacZ mutation leads to the expression of a 200 kDa Nuk-␤gal fusion protein at the cell surface.
Nuk-␤gal Expression in the Early Nervous System
The Nuk-␤gal fusion receptor provides a very precise To test the fidelity with which the Nuk lacZ allele was expressed, coronal sections of newborn eyes were suband sensitive means to characterize Nuk expression. As shown for mid-gestation E10 specimens, Nuk-␤gal jected to anti-Nuk immunohistochemical analysis or stained for Nuk-␤gal activity using the chromogenic staining was detected in Nuk lacZ /ϩ and Nuk lacZ /Nuk lacZ , but not ϩ/ϩ, embryos ( Figure 3A) . At earlier stages, Nuksubstrate X-gal. Anti-Nuk antibodies revealed a ventralto-dorsal gradient of Nuk ϩ expression in wild-type eyes ␤gal was confined to the headfolds ( Figure 3B ), which by birth of the cortical neurons that will extend acP axons, the early expression of Nuk in the ventral forebrain marks cells that will eventually form the preoptic area and hypothalamus. An expectation arising from the defect in acP axon guidance in Nuk 1 homozygous mice is that Nuk should be expressed in the commissural axons and function in these cells to control growth cone motility in response to transmembrane ligands in surrounding cells. However, expression analysis of Nuk and its ligands in the region of the developing commissure indicates that this scheme may be too simplistic. Nuk was not detected at significant levels in the acP axon fibers themselves. Instead, we found high levels of Nuk expressed specifically in cells of the preoptic area and hypothalamus immediately ventral to the commissure. In contrast, transmembrane ligands (i.e., Lerk2) were identified in the acP axons. Hence, although it is possible that a low level of Nuk is present and functions in the acP axons, an alternative model is that correct pathfinding of axons forming the anterior commissure depends on Nuk expression in the ventral cells over which the acP axons migrate. This latter hypothesis is more consistent with the expression data of Nuk and its ligands. Thus, the role of Nuk in guiding acP axons may not be cell-autonomous, in the sense that Nuk is not significantly expressed in the axons that are affected by the Nuk 1 mutation.
As shown in Figure 7 , by E14.5 the axons of the anterior commissure have migrated from the temporal cortex across one side of the brain, and their growth cones accumulate near the midline. In these sections, Nuk expression in the preoptic area and hypothalamus appeared to mark a pathway along which the acP axons migrate. In wild-type and Nuk lacZ homozygotes, very few axon fibers were observed to stray from this trajectory and project into the Nuk-expression domain. However, in Nuk 1 homozygotes, the great majority of the acP axons migrated aberrantly, projecting down into the region The suggestion that Nuk acts in cells in the brain to express Nuk almost solely in ventral-cell types, with ventral to the acP tract, rather than in the axons themthe most intense levels being detected in the forebrain selves, may explain the finding that these axons project normally to their contralateral targets in 129 and CD1 and midbrain (see Figures 3H and 3J) cells and in the axonal compartment of a broad range Biochemical Analysis obtained through the desired region using a Reichert-Jung model 2800 frigocut E cryostat. Samples were photographed using a Leitz For the in vitro kinase assay, individual embryos were collected, and yolk sac DNA was used to genotype for the Nuk 1 mutation. wetzlar scope equipped with interference contrast optics mounted on a 360Њ rotating slide platform. Embryo lysates were prepared, and in vitro kinase assays were performed essentially as described (Henkemeyer et al., 1994) .
For 
